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Introduction

Over the past several years, the technological advances
in the field of body imaging have been almost too
numerous to catalogue. Each modality goes through a
cyclical pattern of evolution. In the earliest phase of this
evolution, most research is descriptive and anecdotal in
nature. As a modality becomes established, it enters the
second phase, in which it is touted as being superior to
all prior conventional modalities. The third phase repre-
sents a backlash effect in which the shortcomings of a
new technique and its inferiority to prior modalities are
stressed. Finally, the technical development of a new
modality reaches a plateau, the literature reflects an
equality with earlier techniques. It is during this phase
that the true cost-effectiveness of a new imaging tech-
nique and its impact on patient care are established. All
new imaging modalities go through these phases. Most
academic radiology departments are composed of single
modality advocates who fail to see the interrelationships
among the available imaging techniques. The radiol-
ogists must be prepared to offer unbiased aid to the
referring clinicians in choosing the most cost-effective
procedure from the radiological armamentarium. No-
where is this more relevant than in imaging patients who
have cancer where the range of anatomy and pathology
to be imaged is infinite. Close co-operation between the
clinician and radiologist is essential and a clear under-
standing of the purpose of the imaging is mandatory.

The aims of imaging

Diagnostic imaging fulfils several functions in patients
with cancer. These include making a diagnosis; staging
the disease; monitoring response; detecting recurrence
and research applications.

Diagnosis
It is only infrequently that straightforward imaging
provides a sufficiently specific diagnosis on which treat-
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ment can be based. However, the application of image-
guided biopsy techniques has revolutionized the ease
with which cytology or histology can be obtained. Few
anatomic sites are now inaccessible to the skilled
radiologist using imaging guidance. The choice of the
most appropriate form of imaging guidance will vary
from institution to institution depending on the skill and
preference of individual radiologists and also on the site
of the disease.

Staging the disease

Increasingly, imaging techniques are being applied to
provide a more refined and accurate staging of the
disease. However, to do this requires a detailed knowl-
edge of the sensitivities, specificities and accuracy of
individual imaging techniques as they relate to assessing
the stage of each individual pathological process. These
will be discussed in detail below. A detailed knowledge
of the advantages and limitations of each imaging
technology as they apply to the assessment of each
individual stage is required. In order to do this, close
collaboration between clinician and radiologist is often
essential. For example, the simple assessment of the
possibility of liver metastases requires a knowledge of
the most appropriate technique, its accuracies, pitfalls
and shortcomings in assessing focal pathology.

Monitoring response and detecting recurrence

Increasingly, with the more effective use of radiotherapy
and chemotherapeutic agents, imaging is used to assess
the response to therapy and to detect recurrent disease.
This usually relies on a straightforward assessment of a
change in size although occasionally a change in the
characteristics of a mass lesion can also provide infor-
mation as to a changing response. It is recognized,
however, that this is a crude form of assessment to
response and that imaging is but one facet in the overall
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assessment of the patient’s response to therapy. Fre-
quently, changes in the imaging appearance result from
the effect of radiotherapy or chemotherapy and a
detailed knowledge of these appearances is required
both by the radiologist and by the oncologist. Similarly,
an appreciation of the phenomenon of a residual ‘sterile’
mass is also necessary together with possible imaging
strategies for evaluating this residual mass.

Research applications

The very high accuracy and reproducibility of many
imaging techniques make it extremely well suited to
Phase II trials in which the oncologist is assessing the
biological activity of new treatments. In Phase III trials,
when comparing the results of different treatments,
survival is usually the final arbiter. If the size of the
patient group is large enough, sophisticated staging is
not needed as the stage will be randomized out. But in
practice, the groups tend to be small and one of the
prognostic variables, namely, the varying stage of the
diseases can be removed from the study by achieving
more accurate staging through CT. Another application
in Phase III trial is in advanced disease where there is no
obvious difference in survival and one is looking not for
survival but an increase in biological activity. So, in this
sort of study of patients with advanced disease, where
the end point of the study is a response rate, not
survival, imaging becomes a very valuable tool because
of its accuracy in monitoring the disease.

Choice of the appropriate technique

The choice of the most appropriate technique for each
particular aim in assessing patients with cancer, depends
on several factors: these include an assessment of
the sensitivity and specificity, the availability of any
technique, the cost and the cost-effectiveness.

Sensitivity and specificity

When selecting a diagnostic test, one of the most import-
ant considerations is the accuracy of the test. Diagnostic
accuracy is best described in terms of sensitivity and
specificity. Stated simply, sensitivity is the ability of the
test to recognize disease and specificity is the ability of
the test to recognize normality. These concepts are both

illustrated with the help of a Binary Table that depicts
the correlation between test interpretation and the
presence or absence of disease in the population under
study.

The Binary Table categorizes patients into four
mutually exclusive outcomes:

(1) positive test result in the disease present, true
positive (TP);

(2) positive test result in the disease absent, false
positive (FP);

(3) negative test result in the disease present, false
negative (FN); and

(4) negative test result in the disease absent, true
negative (TN).

The sensitivity of the test is the proportion of patients
with disease who have a positive test result. In other
words, it is the ability of the test to recognize disease.

Sensitivity=%

The specificity of a test is the proportion of patients
without disease who have a negative test result. In other
words, it is the ability of the test to recognize normality
or the absence of a particular disease.

Specificity = %

The accuracy of the test is of less value than the
sensitivity and specificity because it lumps together
positive and negative results.

The positive predictive value of a test indicates the
probability of whether the disease is actually present if
the test is positive.

Positive predictive value (PPV)=%

Negative predictive value (NPV)Z%

Receiver—Operator—Characteristics analysis

The sensitivity and specificity of a test depend on
the criteria chosen for interpretation. As the criteria
for calling a test result positive are made more strin-
gent, specificity improves at the expense of sensi-
tivity. Conversely, as the criteria are relaxed, sensitivity
improves while specificity diminishes. This relation-
ship can be demonstrated on a receiver—operator—
characteristics (ROC) curve. This curve is generated by
plotting the sensitivity (true-positive rate) this is 1 — for

DISEASE
Present Absent
TEST Positive True-positive | False-positive
Negative | False-negative | True-negative
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Table 1 Interobserver basic data for assessment of 85 xeromammograms by two
radiologists, after Altman and taken from a larger study by Boyd et al.

Radiologist B

Radiologist A

Normal Benign Suspected cancer Cancer Total
Normal 21 12 1 0 33
Benign 4 17 1 0 22
Suspected cancer 3 9 15 2 29
Cancer 0 0 0 1 1
Total 28 38 16 2 85

specificity (false-positive rate) for the different interpret-
ation criteria. The fundamental principle illustrated by
the ROC curve is that there is an inherent limit to the
diagnostic accuracy of a test. Once this limit has been
reached, the interpreter can only improve sensitivity at
the expense of specificity and vice versa. The ROC curve
can be used to select the ‘best’ cut-off criteria for
positivity, taking the pre-test probability and the relative
cost (in terms of patient outcome) of false-positive and
false-negative test results into account. Additionally,
ROC curves are useful in comparing the performance of
different tests, because they allow for a wide range of
different positivity (criteria).

Interobserver agreement (kappa test)

Altman (see further reading) describes well how to
measure interobserver agreement, using as data the
assessments of 85 xeromammograms by two radiologists
(A and B) where the xeromammogram reports are given
as one of four results: normal; benign disease; suspected
cancer; cancer.

A measure of agreement is required between radiol-
ogist A and radiologist B rather than a test of associ-
ation such as might be undertaken using the y? test.

As Altman points out, the simplest approach is to
count how many exact agreements were observed
between A and B, which from Table 1 is 54/85=0.64.
However, the disadvantages with this method of merely
quoting a 64% measure of agreement are that it does not
take into account where the agreements occurred and
also the fact that one would expect a certain amount
of agreement between radiologist A and radiologist B
purely by chance, even if they were guessing their
assessments.

The expected frequencies along the diagonal of
Table 1 are given in Table 2 from which it is seen for
these data that the number of agreements expected by
chance is 26.2 which is 31% of the total, i.e. 26.2/85.
What the kappa test gives is the answer to the question
of how much better the radiologists were than 0.31.

The maximum agreement is 1.00 and the kappa
statistic gives the radiologists’ agreement as a proportion
of the possible scope for performing better than chance,
which is 1.00 — 0.31.

k=(0.64 — 0.31)/(1.00 — 0.31)=0.47

There are no absolute definitions for interpreting x but it
has been suggested that the guidelines in Table 3 can be
followed, which in the example considered here means
that there was moderate agreement between radiologist
A and radiologist B.

Stage migration (‘Will Rogers’ effect)

An important impact of the use of sophisticated tech-
niques to stage patients with cancer is the apparent
continuous improvement in cancer survival rates
reported over the last 25 years. Although this is quickly
and easily attributable to earlier diagnosis and new and
more effective treatments, the effect of more accurate
staging may to some extent explain these improved
results. Feinstein et al. found that a 1977 cohort of
patients who had undergone lung cancer treatment
survived significantly longer in each of three TNM
subcategories than a cohort managed in the 1950s and
1960s; a finding which is not surprising. When, however,

Table 2 Calculation of the expected firequencies for the
kappa test, after Altman

Assessment Expected frequency
Normal 33 x (28/85)=10.87
Benign 22 x (38/85)=9.84
Suspected cancer 29 x (16/85)=5.46
Cancer 1 x(3/85)=0.04

Table 3 Guidelines for the interpretation of the x
statistic (REF)

K values Strength of agreement
<20 Poor
0.21-0.40 Fair
0.41-0.60 Moderate
0.61-0.80 Good
0.81-1.00 Very good
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(Imaging in Diagnosis/Staging)

Diagnostic accuracy

Diagnostic impact

Effect of prognosis

Therapeutic impact

Effect on outcome

he staged the recent cohort on clinical grounds
only — without the benefit of ultrasonography, CT
and nuclear medicine — these survival differences dis-
appeared. It was apparent that the improved survival
rates were mainly an artefact of better staging; patients
in the lower stages with clinically occult (usually nodal)
disease were being identified with better imaging and
were being placed in a more advanced stage (‘stage
migration’). Better staging leads to benefit to all; in the
lower stages, patients with occult metastases would be
removed with benefit to those stages; in the higher
stages, those patients with a lower tumour burden would
be added to those with a higher burden, with improve-
ment in survival rates. Thus while individual prognosis
did not change overall, survival in each stage improved.
The stage migration phenomenon occurs when compari-
sons are made between groups of patients who have
undergone less or more thorough staging techniques and
as such is likely to occur when the comparisons are made
over a time period which spans the introduction of new
technology. It has been noted with numerous tumours
including metastatic germ cell tumours and gastric
cancers.

Diagnostic procedure

The diagnostic accuracy of most techniques is high but
irrespective, figures for accuracy are readily available.
The diagnostic impact is not limited to a change in
diagnosis or prognosis but includes the ease with which
the diagnosis is reached, reduction in the number of
invasive investigations, and reduction of the time spent
in hospital. It is self-evident that by achieving percu-
taneous biopsies, and diagnosing and staging tumours
accurately without numerous more invasive investi-
gations (including surgery) that most forms of imaging

Hazards of radiation

Patient discomfort

can be of benefit to the patient. As regards therapeutic
impact there are several studies showing that imaging
substantially alters the patient’s management. The effect
on patient outcome is a great deal more difficult to
evaluate than any of these other factors. In the short
term, it has a very obvious impact by reducing the
number of invasive test, by reducing the time in hospital
and by avoiding surgery. The long-term effect, such as
an improvement in the rate of cure, or the rate of
survival or even the relief of symptoms brought about by
the imaging technique is a great deal more difficult to
evaluate.
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Introduction

The number of patients treated for cancer is increasing
regularly. This is partially due to an earlier detection of
the disease and improved survival linked to new cyto-
toxic agents. Because of the cost and toxicity of these
treatments, a rigorous and accurate evaluation of their
efficacy is necessary, as well as the evaluation of the
toxicity which is already carried out.

Most patients treated for malignancies are treated
using protocols with drugs whose efficacy and toxicity
have already been established. Diagnostic imaging
plays a major role in the follow-up of these patients, but
the progression of disease or recurrence are assessed
radiologically and clinically.

Patients with advanced disease may be treated with
new cytotoxic agents evaluated in clinical trials. In these
trials, the tumour shrinkage or tumour response based
on the decrease in size of the lesions is still a common
end-point.

The need for rigorous assessment of drug efficacy has
been emphasized in the literature from the early days of
chemotherapy, when it became necessary to compare the
results of different teams obtained in clinical trials. In

these cases, diagnostic imaging supports clinical research
and the imaging modalities have to be compared by an
evaluation committee. Guidelines and international
rules on response evaluation were progressively estab-
lished during the 1970s. The WHO (World Health
Organization) guidelines!! are the most widely used.
These guidelines and rules have been written by oncolo-
gists and statisticians, but radiologists were not involved
in their elaboration. Now these rules have become
obsolete and need to be updated in the light of improve-
ments in the accuracy of imaging tools.

Definitions

Overall survival and objective response rates are the usual
parameters used to assess response to treatment during
clinical trials in oncology. Overall survival is the gold
standard in oncology but the delay necessary to obtain
this parameter is sometimes too long: the physicians need
to determine rapidly whether the agent demonstrates
encouraging results or not, in order to adjust the therapy
or to include the patient in another trial. But, in contrast
to survival, objective response (or tumour shrinkage, or
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tumour response) is more difficult to assess because it is
highly dependent on the quality of clinical and radio-
logical tumour measurements.

Recommendations have been reported in the litera-
ture to measure tumoral masses'' ), also called targets,
but many factors interfere with response evaluation,
such as the quality and reproducibility of the radio-
logical examinations, the choice of targets and the
investigator’s objectivity® .

In the WHO’s criteria, tumour lesions will be consid-
ered as measurable disease (bidimensionally or uni-
dimensionally measurable, all the measurements being
recorded in metric notation) and evaluable or un-
measurable disease (i.e. lymphangitis, skin involvement,
abdominal masses palpated but not measured, etc.).

To evaluate the tumour response it is essential to
follow a reliable and reproducible method of measure-
ment. Except for spherical lesions, it is not possible to
measure the volume or even the surface of a target
precisely. The surface area approximation of the target
is measured by multiplying the longest diameter by the
greatest perpendicular diameter.

The tumoral volume is defined by the international
guidelines as the sum of the surfaces of the targets. It is
in fact the sum of an approximation of tumoral surfaces
and seems to be an arbitrary definition, but it makes it
possible to compare the evolution of the tumoral volume
and to compare the results obtained by different teams.

Definitions of objective response in
measurable disease

Complete response (CR): the disappearance of all
known disease, determined by two observations not
less than 4 weeks apart. In addition there can be no
appearance of new lesions.

Partial response (PR): 50% or more decrease in total
tumour size of the lesions which have been measured to
determine the effect of therapy by two observations not
less than 4 weeks apart. No appearance of new lesions or
progression of any lesion.

Stable disease (SD): A 50% decrease in total tumour
size cannot be established nor has a 25% increase in the
size of one or more measurable disease lesions been
demonstrated. No appearance of new lesions.

Progressive disease (PD): A 25% or more increase in
the size of one or more measurable lesions, or the
appearance of new lesions.

It is clear that the complete response is easy to assess,
but that the rate of 50% is arbitrary. It is sometimes
difficult to be so accurate, particularly when the lesion is
single, of very small size, or when the lesions are
multiple, or are infiltrative. In the WHO’s guidelines,
there are no recommendations about the minimal size of
the lesion, or the number of lesions to consider. When
lesions are measured with electronic calipers directly at
the console, the accuracy of the measurements is better,
but in the late 1970s, cross-sectional imaging was not so

widely used and lesions were measured on plain film
with a ruler. A separate set of response criteria have
been defined for bone metastases but it is so complicated
that it is practically never used. Bone metastases are now
excluded from most reliable trials.

Reasons for inter-observer (and
intra-observer) variability

Recently, a French group studied the impact of an
evaluation committee (EC) on patients’ overall response
status in a large multicentre trial in oncology™. They
identified reasons for disagreements between investi-
gators and the EC. Overall tumour response was re-
duced by 23.2% after the review by the EC. Reasons for
major disagreements included errors in tumour measure-
ments and errors in selection of measurable targets.
Pitfalls such as tumoral necrosis, intercurrent diseases,
and radiological technical problems were discussed.
They concluded that all therapeutic trial results should
be reviewed by an independent EC!-¢),

On the basis of this experience the Group of Clinical
Evaluation (GREC) was created in France in 1996; this
group is working with the EORTC (European Organ-
ization for Research and Treatment of Cancer) on the
elaboration of new guidelines!”.

The imaging modalities

All imaging strategies can be used in oncology, particu-
larly cross-sectional imaging, but in daily practice, con-
ventional imaging and clinical findings may be sufficient
to assess the evolution of illness; in contrast, in clinical
trials, cross-sectional imaging has to be used with a
consistent technique throughout the trial, and ultra-
sound is not accepted in most of the trials because of its
operator dependence. The use of MRI is sometimes
avoided because this rather new technique is not widely
performed. Precise tumour evaluation in a therapeutic
setting may require a different procedure (slice thickness,
contrast media, etc.) from that used for standard tumour
diagnosis or routine tumour evaluation for an individual
patient.

Evolution

Axial measurements fail to recognize significant vari-
ations during treatment of tubular-like lesions, es-
pecially when mainly the third (cranio-caudal) tumour
diameter is altered. Cross-section imaging readily allows
the calculation of the three main axis perpendicular
diameters. Several therapeutic evaluation protocols al-
ready use the three maximal diameters which are con-
sidered to analyse the tumour course more accurately.
On the other hand, members of the EORTC and of the
NCI (National Cancer Institute) Canada, recently
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published a controversial study®™ concluding that uni-
dimensional measurement of tumour maximum diam-
eter might be sufficient to assess change in solid tumours.
Moreover, it is less laborious and the risk of errors is
decreased. On the basis of this demonstration, the
authors then reviewed the WHO criteria and proposed
new guidelines to evaluate the response to treatment.

Other considerations than the tumoral volume may
lead to other end-points™ such as surrogate markers,
quality of life, and also the composition of the tumour,
especially the residual masses. MRI or PET-scans are
promising techniques, but not widely used and not
recommended in clinical trials. As long as the response
rate is still an end-point in therapeutic trials, measure-
ments of the tumoral volume are mandatory and
necessitate updated guidelines.

Revisited version of the WHQO’s criteria
of response in solid tumours

After several years of intensive discussions, a new set of
guidelines has been defined in a special article published
in the Journal of the National Cancer Institute and
previously presented to the scientific community at the
ASCO (American Society for Clinical Oncology). These
criteria support the simplification of response evaluation
through the use of unidimensional measurements and
the sum of the longest diameters instead of the conven-
tional method using two measurements and the sum of
the products. The other guidelines introduce the use of
computed tomography (CT) and magnetic resonance
imaging (MRI): technical recommendations are pro-
vided in the article concerning the slice thickness, the use
of contrast media, etc. Ultrasound should not be used to
measure tumour lesions or as a possible alternative to
clinical measurements for superficial palpable lesions.
The new response criteria are linked to the relationship
between change in diameter, product and volume: the
response which was defined as a 50% decrease using the
previous WHO criteria becomes 30% with the new
criteria (diameter) and the disease progression becomes
20% instead of 25%. This correlation has been done
in order to allow comparison with the response
rates obtained with the WHO criteria, particularly in
historical trials.

Evaluating clinical research cost

Participation in clinical research is not only time-
consuming for the department of diagnostic imaging, it
also represents a huge amount of money. Experimental
protocols demand more than standard treatments. But
how much more? This question has been answered by
the clinical research unit of a French oncology depart-
ment!'”. They compared the costs of two clinical trials
with standard treatment. Not only the price of the drugs

were compared but also the costs incurred by the extra
time taken by the oncologists to inform and to enrol the
patient, and by the nurses to adjust the new therapies.
The assessment costs were also evaluated (laboratory
tests and radiological evaluation). The extra time used
by radiologists to perform the mandatory examinations
(depending on the frequency of tumour re-evaluation),
to measure the lesions precisely, and to compare the
successive examinations was taken into account. The
price of supplementary films or contrast media, and of
the optical disks used to record the examinations, was
calculated. This was an important study for the radiol-
ogists: they could then ask for greater financial support,
and more staff in their department.

Conclusion

Evaluation of the efficacy of anti-tumour treatments
with modern medical imaging is becoming a more
precise and more complex activity that requires collab-
oration on the part of radiologists and clinicians who
should be trained in these techniques, as the objectives
and methods differ from those of standard diagnosis and
management. New guidelines have been proposed re-
cently, as the result of large-scale international collabor-
ation. They have to be validated by the scientific
community and amended by further trials. Each thera-
peutic trial protocol should be initially validated by
experts in evaluation and an independent review com-
mittee should review the patients’ files and radiological
images of at least the presumed responders.
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